Comparing Chemical Properties of Subaqueous Soil Samples from Barnegat Bay, NJ: An Analysis of Carbon, Nitrogen, and Phosphorus by Northrup, Kristy
SUNY College of Environmental Science and Forestry 
Digital Commons @ ESF 
Honors Theses 
5-2015 
Comparing Chemical Properties of Subaqueous Soil Samples 
from Barnegat Bay, NJ: An Analysis of Carbon, Nitrogen, and 
Phosphorus 
Kristy Northrup 
Follow this and additional works at: https://digitalcommons.esf.edu/honors 
 Part of the Chemistry Commons, and the Earth Sciences Commons 
Recommended Citation 
Northrup, Kristy, "Comparing Chemical Properties of Subaqueous Soil Samples from Barnegat Bay, NJ: An 
Analysis of Carbon, Nitrogen, and Phosphorus" (2015). Honors Theses. 93. 
https://digitalcommons.esf.edu/honors/93 
This Thesis is brought to you for free and open access by Digital Commons @ ESF. It has been accepted for 
inclusion in Honors Theses by an authorized administrator of Digital Commons @ ESF. For more information, 
please contact digitalcommons@esf.edu, cjkoons@esf.edu. 
Comparing Chemical Properties of Subaqueous Soil Samples from Barnegat Bay, NJ: 
An Analysis of Carbon, Nitrogen, and Phosphorus 
by 
Kristy Northrup 
Candidate for Bachelor of Science 





Honors Director: (/4) ~ ~ 
William M. Shields, Ph.D. 
Date: --~~~/-=--K-+-j .:._[S"' _ _ 
Abstract 
Subaqueous soil science is considered one of the new subfields of Pedology. This 
recently developed idea defines subaqueous soils as sediments in shallow water 
environments that undergo soil-forming processes, are capable of supporting rooted 
plants, and form horizons in place. By surveying the subaqueous soils, soil scientists can 
provide insight for the management of submerged aquatic vegetation restoration and 
estuarine protection. With the help of soil scientists from the USDA-NRCS, soil cores 
were extracted for a subaqueous soil survey in Barnegat Bay, NJ and split open for 
description. Subsamples from each horizon from each core were collected and analyzed 
for total carbon, total nitrogen, and extractable phosphorus. This study aims to determine 
if there is a significant difference in chemical properties among soil series (Cottman, 
Demas, Figgs, and Indian River) found in the bay. Total carbon and nitrogen were 
determined with an elemental analyzer (Dumas method). Extractable phosphorus was 
determined with the Bray I method. With respect to phosphorus, the soil series were not 
significantly different. The Demas series had significantly higher nitrogen levels (0.212 ± 
0.242% N), whereas the Indian River series had significantly lower nitrogen levels 
(0.016% ± 0.017% N) compared to the other series. The Cottman series had significantly 
higher carbon levels (0.869% ± 0.702% C), whereas the Indian River series had 
significantly lower carbon levels (0.259% ± .188% C). Given these results, the Cottman 
series might be the best soils for planting submerged aquatic vegetation, such as eelgrass. 
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The Barnegat Bay-Little Egg Harbor estuary is approximately 42 miles long and 
is comprised of three micro-tidal bays: 
Barnegat Bay (Figure 1 ), Manahawkin 
Bay, and Little Egg Harbor (Barnegat Bay 
Partnership, 2010). According to a report 
on the economic value of the Barnegat 
Bay estuary and watershed, the 
contribution of the water and natural 
resources is estimated at over $4 billion a 
year (Kauffman and Cruz-Ortiz, as 
referenced in Barnegat Bay Partnership, 
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2010). The bay is home to both commercial and Figure I: Map of Barnegat Bay, l'iJ 
recreational fish and shellfish as well as submerged aquatic vegetation such as eelgrass. 
Unfortunately, the health of the bay has been declining, with recently noted reductions in 
the fisheries as well as in the submerged vegetation (Barnegat Bay Partnership, 2010). 
Organizations, such as Save Barnegat Bay, have been created to implement various 
research projects for the improvement of the bay's environmental quality. Over the years, 
these projects have focused on various issues from water quality to nutrient loading, but it 
hasn' t been until this past year that the subaqueous soils, permanently submersed soils, of 
Barnegat Bay have become a focal point. 
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Within Barnegat Bay, there are several different landforms that correlate to 
different soil series. A soil series is a class of soils that has common profile properties 
and horizons (Brady, 1984). Soils classified as a particular series originate from the same 
parent material, but differ from similar series in their topography. The landforms present 
in Barnegat Bay correspond to the tentative soil series summarized in Table 1 
(unpublished data, 2014). 
Table 1: Major Soil Series in Barnegat Bay Subaqueous Soil Survey 
Series Parent Material Landform Water Depth 
Range 
Cottman Heterogeneous Lagoon bottom on 1.5 to 2.0 meters 
lagoonal and barrier barrier island side 
island eolian dune 
sediments 
Demas Heterogeneous sandy Washover fan flats 0.3 to 1.4 meters 
estuarine deposits and slopes 
Figgs Heterogeneous Lagoon bottoms, 0.6 to 2.3 meters 




Indian River Heterogeneous sandy Flood-tidal delta 0.5 to 1.5 meters 
deposits flats 
The Soil 
Subaqueous soil science is considered the new subfield of Pedology. This recently 
developed idea defines subaqueous soils as sediments in shallow water environments 
(typically less than 2.5 meters deep) that undergo soil-forming processes, are capable of 
supporting rooted plants, and form horizons in place (Demas and Rabenhorst, 2001). Due 
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to the economic significance of Barnegat Bay and other similar ecosystems, strategizing 
management options could be the key to improving the health of the bay. By surveying 
the subaqueous soils, soil scientists can provide insight for the management of submerged 
aquatic vegetation restoration and estuarine protection (Bradley and Turenne ). 
Historically in soil science, soil surveys have been completed by the United States 
Department of Agriculture Natural Resources Conservation Service (USDA-NRCS). For 
almost eighty years, the USDA-NRCS has mapped soils across the country. Typical 
published soil surveys include the region' s geography, a soil map marking the major soil 
series and characteristics for each region, and tables displaying some of the physical and 
chemical properties of the soil, such as depth, texture, particle size and distribution, 
available water capacity, shrink-swell potential, and erodibility. It wasn' t until twenty 
years ago that George Demas, the pioneer of subaqueous soil studies, first shared the 
revolutionary concept that soils continue past the shoreline. The evidence provided within 
Demas' research illustrated how these soils undergo the four-step pedogenic process 
model of additions, losses, transformations, and transfers. Specifically in subaqueous 
environments, there is the addition of calcium carbonate from shells and organic matter 
from decaying biota, the loss of organic matter and material from the surface, the 
transfer/movement of oxygen through diffusion, and the transformation of humic 
substances and sulfur containing compounds (Demas and Rabenhorst, 1999). 
Subaqueous soil surveys map similar variables compared to terrestrial soil 
surveys, but they also include smell, peroxide reaction (indicating the presence of sulfidic 
material), and shell content. This study will involve a subaqueous soil survey in Barnegat 
Bay, NJ from the summer of 2014. With the help of soil scientists from the NRCS, 
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replicate 2-meter soil cores were extracted for each of the soil series listed in Table 1. 
After the soil scientists described the cores, subsamples from each horizon from each 
core were collected, stored, and shipped to SUNY ESF. The subsamples will be analyzed 
for total carbon, total nitrogen, and available phosphorus. The analysis will also include 
the comparison of the soil series mentioned for each parameter to see if there is a 
significant difference among the series. 
Literature Review 
The pioneer research driving subaqueous soil science is found in George Demas' 
and Marty Rabenhorst's paper from 1999. This research, combined with their article 
published in 2001, introduced the conceptual side of how subaqueous soils are defined 
and developed. As previously stated, Demas and Rabenhorst defined subaqueous soils as 
sediments in shallow water environments that undergo soil-forming processes, are 
capable of supporting rooted plants, and form horizons in place (2001 ). They provided 
more evidence for how sediments could be classified as soils when they indicated that 
shallow sediments follow the four-step process model of additions, losses, 
transformations, and transfers (1999). Demas and Rabenhorst combined equations for the 
Jenny's State Model of soil formation with other known factors in bathymetry, proposing 
a new equation for the development of subaqueous soils (2001 ). After Demas passed 
away, Rabenhorst continued the research by working on a subaqueous soil survey in 
Maryland. This work is not yet published, but once it is made available to the scientific 
community, it can be used as a comparison to the subaqueous soil survey completed in 
Barnegat Bay. 
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Soil scientists in Rhode Island were the fust to publish their subaqueous soil 
survey using the vibracore method (Bradley and Stolt, 2003). This survey provided the 
methodology that was used in the Barnegat Bay survey and another survey completed in 
Maine (Osher and Flannagan, 2007). A major contribution of these surveys was in the 
development of tentative soil series for subaqueous soils. Four of these were also found 
in the Barnegat Bay survey, outlined in Table 1. 
As an application of the Rhode Island survey, further research looked at the 
different landscape types for subaqueous environments and determined which would be 
best for eelgrass restoration (Bradley and Stolt, 2005). This work could be relevant for 
comparison with the total carbon data found from this proposed study since the 
production of eelgrass planted in soil series with more organic carbon would be higher 
than series with lower levels of organic carbon since the organic matter associated with 
organic carbon is high in nutrients for plant growth. 
In terms of potential management of such soils, an article was recently published 
that focused on how subaqueous soils were significant for ecosystem-dependent 
processes and estuarine food webs (Erich et. al, 2010). This research stressed the 
importance of completing more subaqueous surveys for multidisciplinary approaches to 
understanding this environment. 
Objectives 
This study aims to determine if there is a significant difference in chemical 
properties among soil series found in Barnegat Bay. Subsamples from each horizon from 
replicate cores taken from each of the four soil series will be extracted for available 
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phosphorus. With an elemental analyzer, subsamples will also be analyzed by means of 
combustion to determine total carbon and total nitrogen. 
Using the statistical technique of analysis of variance, the replicate cores from 
each soil series will be compared for each parameter quantified. This will result in a 
separate p value for each parameter, using the following null and alternative hypotheses: 
Ho: There is not a significant difference among the soil series 
Ha: There is a significant difference between at least one of the soil series 
Measuring these three parameters within each soil sample from the Barnegat Bay survey 
will help provide an initial picture for the future management of these soils. 
Research Methods and Materials 
Location and Team 
The subaqueous soil survey was located in Barnegat Bay, NJ. Soil scientists from 
the USDS-NRCS Hammonton Office, Rob Tunstead and Susan Demas, completed the 
survey on a research vessel with a laptop, GPS, 20-40 ft aluminum pipes, and a vibracore 
device. The boat departed from Forked River, NJ and traveled around the bay to the 
predetermined GPS coordinates. A map of the locations and soil series in ArcGIS is in 
progress. 
Sampling 
Tunstead and Demas developed a sampling strategy for the soil series based on 
the bathymetry of Barnegat Bay. These soil series were developed by the different 
subtidal landforms present (Bradley and Stolt, 2003). Tunstead and Demas picked 
multiple GPS locations for each soil series. At each set of GPS coordinates, a 2-meter 
long core was extracted with the vibracore method (Bradley and Stolt, 2003; Osher and 
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Flannagan, 2007). The cores were split open and described, which included identifying 
the subaqueous soil horizons, color, texture, smell, peroxide reaction, and shell content 
for each horizon. The descriptions of each core were uploaded to NASIS (National Soil 
Information System). Subsamples from each horizon of each core were transferred into 
plastic sampling bags and shipped to SUNY ESF. 
Laboratory Analysis 
Carbon/Nitrogen Analysis (The Dumas Method) 
A subsample of air-dried soil was pulverized using an SPEX Mixer-Mill. 
Two of the pulverizing containers were filled roughly half full of sample and a 
steel ball was added on top. The sample holder was then secured in the mill, 
which was run for one minute for each soil sample. Subsamples from the two 
pulverizing containers were combined and transferred into scintillation vials. 
Approximately 40 milligrams of soil was weighed out into small tins with a 
Mettler MX5 microbalance. Once properly folded, the tins were placed into the 
carousel on the CHNS analyzer. Along with the soil samples, standards and QC 
samples were analyzed (Wolfgang, 1983). 
Phosphorus Extraction 
Samples were extracted by the Bray I method (Wilde et al. , 1972). Stock 
and standard solutions were prepared by SUNY ESF Forestry Laboratory Staff. 
For each soil sample, 2.00 g of soil were weighed out into 125 mL Erlenmeyer 
flasks. To each flask, 20 mL of extracting solution was then added. The extracting 
solution contained lN ammonium fluoride and 0.5N hydrochloric acid. The 
Erlenmeyer flasks were mechanically shaken for thirty minutes and then the 
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solutions were filtered through Whatman no. 42 paper. This method used a 2 mL 
aliquot of the filtrate and 8 mL of ascorbic acid-molybdate solution in each test 
tube. Ascorbic acid-molybdate was also added to the test tubes with the standard 
solutions. 
Test tubes were allowed to sit for 20 minutes for the color to develop. The 
spectrophotometer was set to a wavelength of 882 nm and autozeroed with a 
calibration blank. The standard solutions were used to calibrate the instrument and 
a calibration curve was created. For each test tube, a cuvet was filled with solution 
and analyzed for absorbance. Based on the calibration curve, the concentration of 
phosphorus was calculated for each sample. If the concentration of any sample is 
above the range of the calibration curve, the solution was diluted and analyzed 
again. 
The concentration of phosphorus in the soil will be calculated by the following 
equation: 
[p] (
. ) [(ppm of Pin solution)*(20mL Extract Volume)*{Dilution Factor)] 
m ppm = ---'-""------------------------
Sample Weight (corrected for dry weight) 
Statistical Analysis 
Data from each chemical test were analyzed using one-way unstacked ANOV A in 
Minitab. Grouping was determined by the Tukey method at a 95% confidence interval. 
Results 
Using the spectrophotometer, values were obtained for the concentration of 
phosphorus (ppm) in each extraction solution. Based on the horizon depths, the weighted 
average of phosphorus was calculated for each core, as summarized in Table 2 below. 
The results for the cores within each soil series were converted into a boxplot (Figure 2). 
8 
The bar in the center of each box represents the median while the confidence interval is 
displayed by the length of the box on either side of the median. The average value is 
illustrated with a small circle inside each box. 
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In addition to the p value, grouping information was obtained with the Tukey method at 
the 95% confidence interval (Table 3). 
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Table 3: ANOVA results for phosphorus (a= 0.05) 
Series Grouping 
Cottman A p value 
Demas A 0.332 
Figgs A 
Indian River A 
From the elemental analyzer, total nitrogen and carbon percentages for each 
sample were obtained. Weighted averages were computed for each core with respect to 
each parameter (Tables 4 and 6 for nitrogen and carbon, respectively). The results for the 
cores within each series were converted into boxplots (Figures 3 and 4). In addition to the 
p value, grouping information was obtained with the Tu.key method (Tables 5 and 7). 
Table 4: Average percent nitrogen for each core 
Cottman Demas Figgs Indian River 
0.032904836 0.382449372 0.050093723 0 0.041438306 
0.034921584 0.040644365 0.037621329 0 0.008725462 
0.040735479 0.041507678 0.006991656 
0.049546134 0.025137474 0 
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Fi(µ'e 3: Total nitrogen among cores In each soil series 
Table 5: ANOVA results for nitrogen (a= 0.05) 
Series Grouping 
Cottman B p value 
Demas A 0.002 
Figgs AB 
Indian River B 
Table 6: Average percent carbon for each core 
Cottman Demas Figgs Indian River 
0.430147495 0.250827983 0.829428202 0.088418212 0.617196205 
0.463308802 0.50873493 0.489681835 0.086510873 0.293943587 
0.617270742 0.576161104 0.210858822 
0.727799566 0.445180718 0.067990743 
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Table 7: ANOVA results for carbon (a.= 0.05) 
Series Grouping 
Cottman A p value 
Demas AB 0.015 
Figgs AB 
Indian River B 
Discussion 
Phosphorus 
With respect to phosphorus, none of the soil series were significantly different at 
the 95% confidence interval. Although it is one of the major essential nutrients in soil, 
phosphorus is available in small proportions in the soil matrix. It would be expected that 
the phosphorus results would follow the trends in texture for each series, especially with 
regards to clay. The amount of clay present contributes to the rate of phosphorus fixation 
while the type of clay influences the affinity for fixing phosphate ions. Therefore, with 
increasing clay, higher phosphorus concentrations would be predicted. Since the Demas 
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cores consisted of almost exclusively sandy horizons, it fit the trend that this series would 
have the lowest average phosphorus concentration (10.38 ppm). The Figgs cores had 
many more loam horizons overall, meaning more clay, and thus resulted in the highest 
average phosphorus concentration of20.69 ppm. 
Since phosphorus is one of the main components in fertilizer, it was unanticipated 
that these results did not correlate with proximity to the shoreline. Nutrient loading has 
been one of the largest environmental issues in Barnegat Bay, which is unarguably 
influenced by fertilizer runoff. The highest phosphorus concentrations were found in the 
Figgs cores, which were located at the deepest parts of the bay. It would have been 
expected that the Demas washover fans, adjacent to the residential neighborhoods, would 
have had the highest phosphorus concentrations due to fertilizer runoff. Rather, texture 
seemed to be the determining factor for the phosphorus trends observed. The Demas soils 
were limited in their amount and type of clay, and thus they could not effectively hold 
onto as much phosphorus compared to the Figgs series. 
Nitrogen 
With respect to nitrogen, the Demas cores had the highest average (0.212 ± 
0.242% N), whereas the Indian River cores had the lowest (0.01616% ± .01698% N) 
compared to the other series. At the 95% confidence interval, the Demas series was found 
to be significantly different from both the Cottman and Indian River series (p value: 
0.002). For the majority of the samples analyzed, the percent nitrogen was dangerously 
close to the instrument detection limit and therefore, many were reported as having 0% 
N. If run again, these samples may have registered higher values, resulting in less of a 
difference among the series. 
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Overall, the levels of nitrogen found in these soils were low. Most reactive soil 
nitrogen is tied up in organic compounds. Soil organic matter usually contains about 5% 
N (Brady, 1984). On the other hand, inorganic forms of nitrogen constitute an even 
smaller percentage of total nitrogen in the soil (~1-2%). Most nitrogen species are very 
soluble in water and would therefore be transported to the water column rather than held 
in the soil. This would explain the extremely low nitrogen levels in the samples analyzed 
through this study. 
Nevertheless, the significantly higher nitrogen levels in the Demas series may be 
an indication of nitrogen from fertilizer runoff. The Demas cores were taken close to the 
shoreline, so they would have had the most interaction with runoff from the residential 
neighborhoods on the barrier island. This could be a potential explanation for the 
grouping patterns observed. 
Carbon 
For the carbon results, the Cottman series had the highest levels (0.869% ± .702% 
C), whereas the Indian River series had the lowest (0.2593% ± .1883% C). At the 95% 
confidence interval, the Cottman series was found to be significantly different from the 
Indian River series (p value: 0.015). In general, soil carbon is an essential portion of soil 
organic matter, which also includes elements such as nitrogen, oxygen, and hydrogen. It 
would be expected that soil cores taken where there was more organic matter would 
consequently have the highest carbon levels. Within Barnegat Bay, the bulk of the 
organic matter deposits would most likely be at the deepest parts of the bay where the 
decaying biota ultimately settles. 
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Additionally, the results observed concur with the settling of different particle size 
classes in aquatic environments. Where the water movement is fastest, near the shore or 
by an inlet, larger particles drop out of suspension first. This correlates with the higher 
occurrence of sandy horizons in the washover fans and flood-tidal delta flats. 
Furthermore, when the water velocity starts to decrease in the middle of the bay where 
the water is deepest, the smaller particle size classes settle out. This explains how the 
Figgs and Cottman soil cores tended to have more silty and loamy horizons, indicating 
more clay. The more clay in a soil, the higher the affinity for organic matter, and 
therefore higher carbon levels as well. 
Conclusion and Future Research 
Since this study involved one of the first subaqueous soil surveys, the tentative 
soil series relevant to the survey still have not been published. The results observed will 
be shared with the NRCS for the eventual publication of the Official Series Descriptions 
(OSDs) for the series mapped in this survey. Now that the values are known for the 
phosphorus, nitrogen, and carbon levels in these soils, interdisciplinary actions can be 
implemented to benefit the health of the bay. For example, the soil series with the highest 
carbon and hence organic matter levels would most likely be the best soils for submerged 
vegetation plantings. The overall quality of Barnegat Bay is heavily intertwined with its 
plant and animal biota as well as the people who live in its immediate vicinity. Given the 
economic and ecological importance of this environment, this study can act as a gateway 
to improving the bay in the future. 
For the next step in the scope ofthis work, additional subaqueous soil cores 
should be extracted and analyzed with a larger sample size. Although there were ample 
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horizons involved in this study, the total number of cores used for each soil series should 
have been more evenly spread. Perhaps with these additional replications, new chemical 
relationships will be discovered for subaqueous soils. Moreover, other soil analyses 
should be investigated, such as soil organic matter, cation exchange capacity, and a 
detailed texture analysis. 
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